Background Recent evidence suggests that neovascular agerelated macular degeneration (AMD) may have an immune mediated component. Palomid 529, an investigational medication involving the immune Akt/mTOR pathway, is unique in dissociating both targets of rapamycin complexes TORC1 and TORC2. This small short-term pilot study assesses the safety of subconjunctival Palomid 529 in the treatment of neovascular AMD, with some limited efficacy information. Methods In this 12-week phase I open-label prospective pilot study, five participants with neovascular age-related macular degeneration that were refractory to intravitreal anti-vascular endothelial growth factor (VEGF) received three serial monthly subconjunctival doses of 1.9 mg Palomid 529. All participants were also offered concomitant monthly intravitreal anti-VEGF injections. Safety was monitored via adverse events recording. Additional outcome measures included visual acuity, optical coherence tomography, fluorescein angiography, indocyanine green angiography and fundus photography. Results The study drug was well-tolerated by all participants. There were no drug-related adverse events and no serious adverse events. A depot formed at the injection site, which persisted at the end of the study. In these anti-VEGF refractory patients, no clinically important changes in bestcorrected visual acuity, fluorescein leakage pattern, choroidal neovascularization size on indocyanine green angiography, or autofluorescence pattern on fundus autofluorescence were observed compared to baseline. The fluid status, assessed with optical coherence tomography showed that central retinal thickness and macular volume remained stable in three participants, while the other two participants clinically progressed. Conclusions Serial subconjunctival injections of Palomid 529 were well-tolerated and resulted in depot formation. There were no concerns for any ocular or systemic toxicity during this small short-term study. Larger randomized studies are required to determine efficacy.
Introduction
Neovascular age-related macular degeneration (AMD) has a complex etiology affected by multiple factors such as aging, genetic predisposition, environmental elements, oxidative stress, and inflammatory effects [1, 2] . More recent evidence suggests that AMD is immune-mediated [3] [4] [5] [6] . Innate immunity and autoimmune components, such as complement factors, chemokines, cytokines, macrophages, and ocular microglia, may be involved in AMD development [7] . Inflammation, however, is a double-edged sword; some studies support the notion that inflammation is a risk for AMD progression [8] , while others state that inflammation is actually protective [9] . Others suggest that inflammation has a dual role, with both beneficial and detrimental functions [10] .
The immune Akt/mTOR pathway, a multifunctional serine-threonine kinase critical in regulating basic cellular functions, has been well-studied in the field of oncology [11] [12] [13] , and plays a role in ischemic and vascular endothelial growth factor (VEGF)-mediated angiogenesis [14, 15] . Inhibition of mTOR results in blockade of interleukin-2 mediated signal transduction pathways, preventing cell cycle progression, as well as upstream blockade of VEGF production. Given this, mTOR inhibition may be beneficial for the treatment of choroidal neovascularization (CNV) [16, 17] . Although anti-VEGF therapy is currently an effective standard-care for neovascular AMD, inflammatory mediation targeting the immune Akt/mTOR pathway may provide an alternative or adjunct pathway for the treatment of neovascular AMD.
Palomid 529 is a non-steroidal, wholly synthetic, smallmolecule drug with a molecular weight of 406 Daltons and a mean particle size of approximately 0.8 μm developed by Paloma Pharmaceuticals. Palomid 529 inhibits the Akt/mTOR signal transduction pathway via dissociation of both targets of rapamycin complexes, TORC1 and TORC2, in the immune system. Specifically, Palomid 529 inhibits HIF 1α and pS6 (TORC 1) and pAKt Ser-473 and pGSK3β Ser-9 (TORC2) [18] . Unlike the similar compound sirolimus, Palomid 529 is unique in dissociating both TORC1 and TORC2, as opposed to acting primarily via TORC1. Studies are in progress assessing sirolimus with its primary TORC1 blockage as a possible treatment for AMD. However, pursuing the additional TORC2 blockage with Palomid 529 may prove to be efficacious in treatment of neovascular AMD.
Several pre-clinical studies have been performed using various routes of Palomid 529. Animal studies were noteworthy for vitreous opacities detected after intravitreal injection, while the subconjunctival studies only demonstrated focal erythema and edema locally at the conjunctival injection site, with spontaneous resolution. No intraocular abnormalities were detected after subconjunctival administration. Subconjunctival Palomid 529 was detectable in the choroid, retina, and vitreous, indicating that the drug reached the targeted tissue via subconjunctival administration [18] .
In the current study, the subconjunctival route was chosen due to its ease of administration and improved safety profile, given the mechanical risks of an intravitreal injection and the cloudy-appearing vitreous seen with intravitreal dosing that may interfere with fundus viewing. Based on the results from animal studies and human intravitreal trials, a dose of 1.9 mg was selected for this study. In animal studies, a subconjunctival dose of 1 mg administered to the New Zealand white rabbits was well-tolerated and demonstrated penetration into the chorioretinal tissue. Since the human eye is approximately twice as large as the New Zealand white rabbit eye, a dose of 2 mg was chosen (which is double that given to the rabbits). For ease of administration, the volume of 100 μl was chosen which contains 1.9 mg of Palomid 529 (concentration 10 mg/ml) [18] . Additionally, there is currently a phase I study using Palomid 529 with intravitreal doses of 0.04 mg and 0.10 mg.
The dual effect of Palomid 529 on TORC1 and TORC2 in the AKt/mTOR pathway may prove to be efficacious in the treatment of neovascular AMD; and this five-participant pilot study assesses the safety of subconjunctival Palomid 529 in the treatment of neovascular AMD, with some limited efficacy information.
Materials and methods
This phase I open-label prospective pilot study was conducted at the National Eye Institute, National Institutes of Health, in Bethesda, Maryland. The study protocol adhered to the tenets of the Declaration of Helsinki, and institutional review board approval was obtained.
Study population
Patients with active neovascular AMD in at least one eye (the study eye) were eligible. Study eye inclusion criteria included: (1) CNV in the setting of AMD resulting in fluid or blood within the macula as determined by clinical examination, optical coherence tomography (OCT), and fluorescein angiography (FA), (2) Non-response to conventional anti-VEGF treatment defined as any persistent intraretinal cyst with a greatest linear dimension of at least 100 μm and/or subretinal fluid pocket with a height of at least 100 μm and/or the presence of any foveal fluid after four serial anti-VEGF intravitreal injections determined 2 weeks after the last injection, (3) visual acuity of 20/32 or worse in the study eye, and (4) reasonably clear media and fixation for good quality OCT and fundus photography.
Principal exclusion criteria for the study eye included: (1) evidence of ocular disease other than neovascular AMD that may confound the outcome, (2) retinal pigment epithelial detachment (unless subretinal or intraretinal fluid was present), (3) treatment with anti-VEGF within 12 days prior to enrollment or intraocular steroids 3 months prior to enrollment, and (4) systemic immunosuppressive treatments within 2 months prior to enrollment. If both eyes met the above criteria, the designation of the study eye was chosen by the principal investigator in consultation with the participant.
Study design
In this 12-week prospective, open-label pilot study, five participants with neovascular AMD who were not fluid-free after four serial anti-VEGF injections received three serial subconjunctival injections of Palomid 100 μl (1.9 mg). Participants were enrolled in a stepwise fashion to maximize safety (the subsequent participant was not enrolled until the previous participant had completed week 4). Injections were performed at baseline, week 4, and week 8. Patients were evaluated at baseline, day 1, week 1, week 4, week 8, and week 12. At the baseline visit, a complete medical and ophthalmic history, physical examination, complete blood count, chemistry 14, and complement Factor H genotyping was performed. Complete blood count and chemistry 14 were repeated at the final visit at week 12. At each visit, participants underwent a complete ophthalmological examination, assessment of medications, adverse events, and OCT. All OCTs were reviewed to confirm correct segmentation. Indocyanine green angiography (ICG), FA, and fundus photography were performed at baseline, week 4, and week 12. Fundus autofluorescence was performed at baseline and week 12. Intraocular anti-VEGF treatment was allowed 12 days prior to and 12 days after the investigational produce injection, to allow for participants to continue to receive standard-care monthly intravitreal injections.
Administration of Palomid 529
Palomid 529 was provided in a ready-to-use single-use rubber septum sealed glass vial containing 0.2 ml at 19 mg/ml. Following administration of topical antibiotics (ofloxacin 0.3 % ophthalmic solution), topical anesthetic (0.5 % proparacaine hydrochloride ophthalmic solution) and speculum insertion, 100 μl/0.1 ml of Palomid 529 was slowly injected into the subconjunctival space of the study eye. A cotton-tipped applicator was gently placed over the entry site for 1 min following removal of the needle to prevent reflux.
Statistical methods
The primary outcome measure was to evaluate the safety of subconjunctival Palomid 529 as a possible treatment for neovascular AMD. Safety outcomes included the number and severity of ocular and systemic adverse events. Secondary outcome measures included the change in best-corrected visual acuity (BCVA), changes in fluid status, central retinal thickness and retinal volume as measured by OCT, changes in leakage patterns on FA, changes in CNV patterns on ICG, changes in autofluorescence patterns on fundus autofluorescence, and changes in fundus appearance as observed on color fundus photography. Additionally, comparison of complement Factor H polymorphisms with treatment response were evaluated.
Due to the small sample size of five participants, analyses are descriptive, and include tabulation of outcomes over the study period.
Results
The medical and baseline data of the five participants are listed in Table 1 . All participants were older adults between the ages of 68 to 87 years at enrollment, which a duration of neovascular AMD ranging from approximately 3 to 11 years. Four were female and one was male. All were Caucasian of non-Hispanic/Latino origin. Two of the participants had a known family history of AMD. None of the participants were current smokers, and two had a previous history of smoking. In the study eye, three patients were phakic without progression in lens opacities during the study period, and two were pseudophakic. All patients had previously undergone treatment with anti-VEGF intravitreal injections in the study eye. Additionally, three participants had previously received intravitreal steroid, and one participant had previously had photodynamic therapy in the study eye. Four of the five participants were treated with concomitant monthly anti-VEGF injections during the study. Three of the participants had neovascular AMD in the fellow eye.
All patients were compliant with the study requirements, and received three serial subconjunctival injections of Palomid 529. A small firm depot formed at the injection site, which remained present throughout the study. One patient was unable to undergo repeat fluorescein testing due to allergic urticaria that developed at the baseline visit during FA testing. None of the patients had a clinically important change in best-corrected visual acuity, FA leakage pattern, choroidal neovascularization size on ICG, or autofluorescence pattern on fundus autofluorescence compared to baseline. The fluid status assessed with OCT central retinal thickness and macular volume essentially remained stable in participants 1, 2, and 4. Participant 3 had an increase in macular volume at week 12, which was accompanied by new retinal hemorrhage. Participant 5, who elected not to receive concomitant intravitreal anti-VEGF injections during the study period, had an increase in both macular volume and central retinal thickness. Participant 4 was homozygous for the high-risk genotype (histidine allele at codon 402) for complement factor H, and the other four participants were heterozygous for the high-risk genotype; no difference in response to treatment was seen. Table 2 summarizes the clinical outcome for all five participants.
Adverse events
The study drug was well-tolerated by all participants. There were no drug-related adverse events. Reported adverse events were deemed not drug-related, and consisted of abnormal lab values such as hypoglycemia and low blood urea nitrogen as well as urticaria due to imaging dye. There were no serious adverse events in our five-participant study.
Discussion
In this prospective five-participant phase I pilot study, repeated subconjunctival injections of Palomid 529 were well-tolerated and formed a depot at the injection site. There were no concerns for any ocular or systemic toxicity during this study. While our study was primarily investigating safety, the investigational drug did not appear to benefit the participants in terms of visual acuity or macular fluid status during this short-term pilot study. Given the limited sample size and short follow-up duration, conclusions cannot be drawn regarding the efficacy of Palomid 529 in neovascular AMD. Our participants were refractory to anti-VEGF treatment, and it is possible a response to treatment could have been seen in those with newer onset disease or in those who demonstrated a response to anti-VEGF treatment. Additionally, while the subconjunctival route is advantageous in comparison to intravitreal injection in terms of ease of administration and reduced mechanical complications, an intravitreal route may be more efficacious. Intravitreal injection of Palomid 529 for the treatment of neovascular AMD is currently being evaluated by other investigators.
The small sample size of our study was the key limitation, and a larger randomized clinical trial with longer follow-up is needed to evaluate any potential efficacy of Palomid 529 and continued understanding of any safety issues. Treatment strategies based on inflammatory modulation through immunosuppression have a scientific theoretical basis; however, further studies will be required to assess whether immunomodulation can be an effective approach in clinical practice for neovascular AMD. 
